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SUMMARY 



Hinge-moment, lift, and pr e s sur e- d i o t r i Vat i on 
meas''o.rement s were made in the two-dimensional test section 
of the NACA stability tunnel on a hlunt-nose balance-type 
aileron on an NACA 66»2-216 airfoil at speeds up to 360 
miles per hour corresponding to a }£ach nuiaher of 0.475, 
The tests were made primarily to determine the effect of 
speed on the action of this type of aileron. The halance- 
nose radii of the aileron were varied from 0 to 0.02 of 
the airfoil chord and the gap width was varied from 0.0005 
to 0.0107 of the airfoil chord. Tests were also made with 
the gap sealed. 

The variations in hinge moments and lift with Mach 
number, angle of attack, and f^ilerpn deflection are given 
in the form of curves of section hinge-moment coefficients 
and section lift coefficients plotted against aileron 
deflection for the various conditions tested, together with 
cross plots showing the general effect of Mach number, gap 
width, and balance-nose radii. 

The results show that there was a considerable in- 
crease in the stalled range of the aileron xvith increased 
speed. Up to trie stall, the variation in hinge-moment 
coefficients and lift coefficients for the speed range 
tested Y;as small but the variation may be appreciable v/hen 
stick forces at high speeds are considered. 
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lUTEODUCTIOK 



Large increases in the size and speeds of current 
com'bat airplanes, in addition to high maneuverability re- 
quired in cor:ihat, have made it necessary to balance almost 
exactly the hinge moments of ailerons and at the same time 
to maintain their effectiveness- Although most types of 
aileron balances in use today operate satisfactorily at 
low speedst difficulty, such as overbalance at high speeds^ 
has been experienced with some existing aileron installa- 
tions. This difficulty is apparently caused by the large 
amount of balance coupled v/ith the changes in hinge moment 
that result from compressibility effects. Consideration 
of these problems has made necessary further research on 
some of the currently used or recently proposed balance 
arrangement s . 

The i^'ACA is therefore underta3^ing a study of some of 
the more promising aileron types at higher Mach numbers 
than were employed in previous developments. This report 
deals with the section characteristics of a blunt-nose 
balance type of ^.iieron of C..20 airfoil chord with a 0.<55 
aileron balance and of true contour used on an ITACA 66,2-216 
airfoil. The amount of balance, Q.6d aileron chord, was 
chosen because, froxm the data given in reference 1, it was 
estimated that this amount of balance would giv^ almost 
complete balance on an airfoil of the IIACA 330 series at 
a low angle of attack. 

The section lift coefficient ci and the section 
hinge-moment coefficient ch^ were measured at various 

airspeeds up to 360 miles per hour, corresponding to a 
Mach number of 0.475. These measurements were taken 
through an augl e- of- at t ack range from to 10^ and an 

aileron deflection range of ±20*-^. The influence of the 
gap width between tlxe aileron and wing and the influence 
of the radii of the projecting corners of the balance v/ere 
investigated. The data are presented in the form of curves 
of ci and c^^ plotted against aileron deflection with 

cross plots to show the effect of the aileron parameters. 

/ l\ 

Ci airfoil r^ection lift coefficient i — 1 

Loi increment of airfoil section lift coefficient 
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Cjjj / airfoil section 73 itcliing-moment coefficient about 



qc 



quart er-ciiord point of airfoil 

rH ^ 

^ c-h aileron section hinge-moment coefficient '(-tlSL 

^ qca 

^ airfoil section lift 

^c/4 airfoil section pitching raoment about quart er- cho rd 
point of airfoil 

aileron section hin^z;e moment 
c chord of basic airfoil including: aileron 

0^ chord of aileron measured from hinge axis back to 
trailing edge 

q dynamic pressure I —PV j 

V air velocity 

p mass density of air 

(Xq angle of attack for airfoil of infinite aspect ratio 

6q aileron, deflect ion T/ith respect to airfoil 

U Mach number- • 



APPABATUS AND MODELS 



The tests were made-in the tv^o-ditp.ens ional test sac- 
tion of the stability tunnel at airspeeds up to 360 miles 
per hour. The test section is r ect an^^ular , 2,5 feet* wide 
and 6 feet high. 

The model of an NACA oG, 2-216, a = 1.0 section was 
made of laminated mahogany. It completely spanned the 
test section and v^n^ fixed into circular end disks that 
were flush with the tf.nnel walls. The angle of attack of 
the model was changed by rotating the end disks. Tables 
I and II give the ordinates of the airfoil section end 
locations of centers of balance'^ho iije radii, respectively. 
Pi^'ure 1 is a photograph of a model mounted in the tunnel. 
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The aileron of 0.20c and 0.350^ balance and of true 

contour v;as made of steel with v/ooden nose r)ieces having 
0, 0.01c, and 0.02c balance-nose radii. (See fig. 2.) 

The aileron was supported at the ends "by "ball "bearings 
mounted in steel end plates attached to the airfoil. 

The aileron deflection was varied and the aileron 
angle and hinge moments were measured "by a calibrated 
spring torque balance and sector system. Pressure ori- 
fices were located alon^^ the midspan of the wing and ai- 
leron and the pressure distribution was recorded photo- 
graphically. In some cases hinge moments and lift v;ere 
obtained from the pressure-distribution diagrams. 

For some of the tests the lift was also measured by 
an integrating manometer connected to orifices in the 
floor and ceiling of the tunnel. The integrating manom- 
eter was calibrated against lift obtained by pressure 
distribution. 

TESTS 



Tests were made with balance-nose radii of 0, 0.01c, 
and 0.02c. With zero radii only pressure-distribution 
tests were made. With radii of 0.01c and 0.02ci hinge 
moments were measured with gap v/idths of 0.0005c, 0.0030c, 
0.0055c, and 0.0107c and also with a 0.0055c gap sealed 
with a flexible sheet that extended from wall to wall. 
In the test in which the 0.02c radii was used - in addi- 
tion to the pressure-distribution and hinge-moment 
measurements - section lift was measured by the integrat- 
ing manometer. 

Tests for each condition were made at five speeds 
which gave Kach numbers in a range between 0,195 and 0.475. 
The lowest speed corresponds to a Reynolds number of about 
2,800,000 and the highest speed to a Reynolds number of 
about 6,700,000. Figure 6 is a plot of Reynolds number 
based on standard atmospheric conditions against test Mach 
number. Tests were made at angles of attack of -5^, 0^, 5 
and 10^ with -2^, 2^, and 7.5^ added for the 0.0055c gap 
(open and sealed). For each angle of attack readings 
were taken at the following aileron angles; 0, ±2°, ±5^, 
±7^, ±10^, ±130, ±160, ±180, and ±20^. 

The high speedscould not be attained at the large 
angles of attack with large aileron deflections because 
of limited tunnel power. 
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Pres8"u.re-dist r i ont ion records v/ere taken at Mach 
numbers of 0.195, 0.358, and 0.475 for every angle of 
attack tested. For each angle of attack records were 
made at aileron angles of 0, ±5^, -7°, ±10^, and ±16^. 

PRECISION 



Angles of attack were set to within ±0.1^ and aileron 
angles to within ±0.3^. The hinge-moment coefficients 
that were measured could he repeated to within ±0.003 and 
the lift coefficients to within ±0.01. 

Corrections for tunnel-wall effects were not applied 
to the section hinge-moment coefficients. The following 
corrections were applied to the section lift and section 
pitching-moment coefficients and to the angle of attack: 

c; = [1 - Y (1 4- 2p)] ci' 

c/4 4 
ao = (1 + Y)a» 

where 

Y = Til f S.Y 
48 \h/ 

li height of tunnel 

P ^- 0.304 (theoretical factor for NACA 66,2-216, a 1 
airfoil) 

Ql^ measured lift coefficient 

Cmcy/4' ^®^sured pit ching-moment coefficient 

a* uncorrected or geometric angle of attack 

The values used are; 
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^ 0. 986 c^^^^ +.0.006 c I ' 
ao = 1.023 a» 



Hinge moments v/ere me-asnred simultaneoiisly by pi-^es- 
snre distrib-cLt ion and by the spring torque balance for a 
number of varied conditions and the results are shown in 
figure 4, The variation in the values is probably due to 
the fact that the spring balance measures the hinge moment 
on the entire aileron, which includes effects of boundary 
layer at the tunnel wall and of gaps at the ends of the 
aileron as v/ell as the effects of any cross flow over the 
aileron; whereas the pressure distribution gives the hinge 
moment at one section of the aileron and is subject to 
some errors in fairing the pressure- distribution diagrams. 

HBSULTS AND DISCUSSIOIT 



In order that the results for the tests of various 
model configurations may be more easily found table III 
gives the figure nuinbersi the variations shown on the fig- 
ures and the. corresponding model configuration. Only part 
of the data are presented for the 0 and 0.01c balance-nos^ 
radii. 

The results show that for all conditions the aileron 
apparently stalled at angle of deflection that depended 
on the speed, the angle of attack, the gap width, and the 
balance-nose radii and that tne hinge moments increased 
rapidly in the stalled range. At the transition point be- 
tween the stalled and unstalled range the aileron was 
observed to oscillate betv/een the stalled and unstalled 
condition. As the speed increased the unstalled range of 
deflections of the aileron generally became smaller. The 
effect was most pronounced with the zero balance-nose 
radii • 

Hinge Moment of Aileron 

The aileron section hinge-moment coefficients c^^ 
plotted against aileron deflection 6^ are given in fig- 
urer. 5 to 7. The values of c^^ given in figure 5 are 
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from pressure-distribution records (no otlier satisfactory 
measurements were available); those given in figures 6 
and 7 are from spr ing- balance measurements (a comparison 
of results obtained by the two methods is given in fig- 

^ ure 4). These results show that for a limited range of 

aileron deflections and angles of attack the aileron bal- 

^ ance was fairly effective. An average value of the slope 

of the curve of section hinge-moment coefficient plotted 

d chc» 

against aileron angle, 2. , of -G.0057 was obtained 

from values of ^ha ^ ^a ±5^ as compared to a 

value of -0.011 given by unpublished data for a 0.20 chord 
plain sealed aileron on the same wing section. Although 

9 cv, 

the value of 3. of -0.0057 is relatively large for 

combat airplanes, the increment reduction in the valiie of 

— r~ isi according to data reported in reference 1, aoout 
3 Oa 

the same as would be obtained for a 0,35ca balance aileron 
on an IIACA 2o0-series section. 

For the range of Mach numbers H tested the most 

noticeable effect of increasing speed on the hinge-moment 

characteristics of the ailerons was a considerable increase 

in the stalled range of the aileron. The general trend of 

the effect of M on in the unstalled deflection 

a 

range is shown by figure 8 to be an increase in Ch^ with 

a 

increase of M. Some of this trend may be due to the 
change in Reynolds number. Approximate values of Reynolds 
number for any value of U may be obtained from figure 3. 

A change in the unstalled range of the aileron is 
shown by figures 5 to 7 to be the principal effect on the 
hinge-moment characteristics resulting from changes in 
balance-nose radii and gap width. An increase in radii 
from 0 to 0.02c changed the unstalled range from about ±4:^ 
to about ilO^ and increased the hinge-moment- co ef f ic lent 
slope. ]?or all cases, the aileron with gap sealed had the 
greatest unstalled range. An increase in the gap decreased 
appreciably the unstalled range; the amount of change 
varied with angle of attack and the effect v/as usually 
greater for the positive range of aileron deflections than 
for the negative range. 
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ffigure 9 shows that the effect of gar. on cv, in the 

^^a 

unstalled range is usually small. The general variation 

^hsi ^'^"^^ oCq is shown in figure 10. Here again the 
effects of M, halance-nose radii, and gap are small. 



Lift 

The airfoil section lift curvesi cj^ (obtained with 
the integrating manometer) for a balance-nose radii of 
0.02c with aileron neutral, are presented in figure 11 and 
Bho\7 that the slope of the lift curve increases with Mach 
number. The variation of lift-curve slope with speed for 
the various gap widths is given in figure 12 together with 
a curve showirxg the theoretical variation. It is believed 
that closer agreement would have been obtained if the com- 
pressibility effect on tunnel-v/ail interference and Reynolds 
number effects on the airfoil characteristics had been 
taken into account. Figure 12 also shows that the highest 
slopes were obtained v;ith the gap sealed. When the gap 
was unsealed, an increase in the gap width caused a decrease 
in the slope except at the highest speed tested where an 
increase in gap resulted in an increase in the slope. 

Figure 16 is. a plot of section lift coefficient against 
aileron angle. In order to avoid confusion, faired curves 
have been drawn in this figure only through the test points 
for a Hach number of approximately 0.36. For lov/ and 
meditim angles of attack an. increase in the speed increases 

the value of the sloce of these curves { -.^A ] and the 

\36a/a 

amount' of increase varies with the angle of attack. At 
high angles of attack an increase in speed generally caused 

a decrease in the value of( r^"*"^ • 

Figure 16 also siiows that the vfilne of ( ■ ; , for a 

range of 6-^ of ±5, was highest at low and medium angles 

of attack xvith the gap sealed and, at high 'angles of attack, 
the sloT")e was highest for the 0.0055c gap. Increases in 
gap usually decreased the aileron deflection at which the 
stall occurred axad decreased considerably the effectiveness 
of the aileron at large aileron deflections. The loss in 



9 



ei^f ect iveness dvia to the gap at large aileron deflections 
was least at the high speeds. 

The airfoil section lift and section p it ching- moment 
coefficients obtained by pressure distribution for balance- 
nose radii of 0 and 0.02c are presented in figure 14, Fig- 
ure 14(a) showsf as might be expected, that there is little 
change in the lift curve (aileron neutral) with changes in 
balance-nose radii. Figure 14(b) shov/s the variation of 
the airfoil section lift coefficient c^^ with aileron de- 
flection for the different radii. It is evident that the 
aileron with 0.0<3c radii has a much larger effective range 
than either of the other tv/o ailerons and that the aileron 
with zero radii is inefficient because it loses all its 
effectiveness at a positive aileron deflection of 5^. 

Variations of airfoil section lift coefficient C|^ 
with Mach number for balance-nose radii of 0.02c are shown 
in figure 15 for three aileron deflections. The general 
tendency, as expoctedv is for the lift coefficient to in- 
crease with iviach number; part of this increase probably is 
due to Reynolds number. At an angle of attack of 10^, 
however, the lift coefficient decreased after a certain 
value of Mach number was reached as a result of critical 
speed occurring over the leading edge of the airfoil. 

Increasing the gap width from O.OCOoc to 0.0107c 
generally caused a slight decrease in the value of c . 
(see fig. 16.) The aileron with 0.02c balance-nose radii 
used in this test is somewhat more effective in producing 
lift at an angle of attack of 10^ than a plain sealed flap 
of 0.20c on the same type airfoil at approximately the 
same Reynolds number, as is indicated by the data given in 
reference 2. 

Control-Force Criterion 

The variation of Achg^Oa. with Acj^ is a control- 
force criterion that takes into account not only the re- 
duction in Ach^ but also the -Qossible reduction in Ac7 
a ' ^ 

(for a given deflection) that may be caused by the balanc- 
ing device. Therefore, even though Achg^ '^^^y ^® reduced 
considerably, if it is necessary to move the control sur- 
face through a very large angle (decreasing the stick 
leverage of the ailerons) the product may be increased 
somewhat to obtain the same Ac^^. The criterion as used 
herein is strictly valid only at the instant that the 
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aileron is deflected. The use of this criterion for com- 
puting stick forces during a roll will give an erroneous 
indication of these forces because differences in the 
rates of variation of hinge-moraent coefficients with angle 
of attack (9 c^/b a) of the ailerons that are being compared 

are not taken into account. 

Figure 17, a plot of Acj-^^S^ against AC]^ for 

various Mach number Si shows that the effect of Mach number 
on the balance effectiveness is small except for high 
aileron deflections* Generally there is a decrease in the 
range of balance effectiveness with speed. In some casesi 
hov/ever, the effective range increases v/ith small changes 
of speed but is decreased with fiirther increases in speed. 

Pigure 18 shows the variation of Acj^g^S^ v/ith Lcl 

for the different balance-nose radii. The effective lift- 
producing range is very small for the zero radii and is 
greatest for the O.O^c radii. 

Figure 19 shov/s the variation of A^hg^Sa with A c^^ 

for the various gap widths. . For small and negative angles 
of attack the res'^viits were best with gap sealed but at 
higher angles the results were best v/ith a gap width of 
0.0055c. 

A plot to show the variation of Ach^Sa with /Sc^ 

for various angles of attack (fig. 20) has been included 
as a matter of interest and, also, for possible compari- 
sons with other ailerons. 

The res'alts of thege tests indicate that a greater 
amount of balance than that 'asad in this investigation is 
neco!?sary if the. ailerons are to give satisfactory hinge 
moments for use on combat airplanes. The range of . balance 
effectiveness and the range for which the aileron is effec- 
tive in producing rolling moments could probably be ex- 
tended by an increase iix the balance-nose radii. 

For the range of speeds tested, increases in speed 
caused a considerable increase in the stalled razige of the 
aileron and in the unstalled range there were small in- 
creases in the hinge moments. Higher speedsi however, 
probably would have more effect because it is ustially not 
until higher speeds are reached that the lift and drag 
characteristics of airfoils are seriously affected by com- 
pressibility. 
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CONCLUSIONS 



The resiilts of the tests of ailerons of 0^20 airfoil 
chord and true contour with 0,35 aileron- chord extreme 
blunt nose balance on the NACA 66,2-216 airfoil indicate 
the following general conclusionsi 

1. Increasing the Mach number up to 0.470 generally 
causes a small increase of the hinge-moment and lift coef- 
ficients but increases the stalled range of the ailerons 
considerably. 

2. An increase of the balance-nose radii from 0 to 
0*02 chord increases the range for which the piileron is 
effective by about 8^ but results in increased hinge- 
moment coefficients with little change in lift coefficients 
in the unstalled range. 

3. An increase of the gap width increased the hinge- 
moment coefficients slightly with little change in lift 
coefficient; however, a considerable increase in the 
stalled range of the aileron results. The magnitude of 
the increase varies with the angle of attack. 

4. The amount of balance tested, 0.36 aileron chord, 
gave no case of complete balance and in some cases the 
unbalance was relatively large. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley J'ield, Va. 
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TABLE I. - ORDINATES FOR NACA ^6,2-2l6, a = l.Q AIRFOIL 



[stations and ordlnatea in percent of wing chorcp 



Upper 


avirface 


Lower svirface 


Station 


Ordinate 


Station 


Ordinate 


0 

.kOl 

1.128 
2.562- 
4.846 

9.858 
14.845 
19.860 

24.879 
29.900 

34.924 

50.000 
55.02s 
60.048 
65.067 
70.081 
75.087 
80.085 

85.075 
90.055 
95.028 
100.000 


0 

1.2^0 

2.560 
5.604 
4.428 
; 5.140 
6.276 
7.156 

m 

8.756 
8.980 
9.092 

9.060 

S.875 
8.496 
7 .862 
fe.941 
5 . 860 • 
4.641^ 

5.595 
2 . 105 

.915 

0 


0 

.860 

2.658 

7.660 
10.162 

15 . 155 

20 . i4o 

25 . 121 
50.100 
55.076 
40.051 
45.026 
- 50.000 

54.975 
59.952 

64.955 
69.919 

74.915 
79.915 
.. 84.92.5 
89.945 ■' 
94.972 
100.000 f 


0 

-1.150 
-1.544 

... 

-5.580 

-4.106 
-4.950 
-5.564 
-6.054 
-6.422 
-6.676 
-6.858 
-6.902 

-6.854 
-6.685 

-6.554 
-5.802 

• -4.997 
-4.070 

-5.0S2 
-2.049 
-1.069 

-.281 

0 


L.E. radius: 1.575 



TABLE II. - LOCATION OP CENTERS OP BALANCE-NOSE RADII 
[stations and ordinatea in percent of wing chord] 



Balance-nose 


Upper 


surface 


Lower 


surface 


radii 


Station 


Ordinate 


Station 


Ordinate 


0 
1 

2 


75.17 
75.50 
75.87 


5.85 

4.75 
5.62 ■ 


75.00 
^ 75.55 . 
75.79 


-1.85 



NAOA 



TABLE III. - LIST OP FIGURES 
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[Fig- 
ure 



N^arlatlon shown" 



Balance- 
nose 
radii 



Gap width 



11 
12 

15 

Ik 

15 
16 

17 

18 

19 

20 



Cha against 6a 
(by pressiire distribution 

cha against 6a 



7 


Cha 


against 


5a 


8 


Cha 


against 


M 


9 


Cha 


against 


gap 


10 


Cha 


against 


^o 



01 against 



\^/6a=0 



against M 



cj against 6, 



cj and cmc/li obtained by 
pressure distribution 

(a) Variation with 

(b) Variation with 6a 



{ 



ci against 
ci 



M 



against gap 

Acha^a against Acj 
( showing change with M) 

AchoSa against Ac^ 
(showing effect of balance- 
nose radii) 
(by pressure distribution) 

^choCa against Acj 
(showing effect of gap) 

AchaSa against Acj 
(showing spread with a©) 



(a) 
(b) 

"(a) 

,(b) 

(a) 
(h) 



Oc 
.01 

.02c 



.01c 
.02c 

.01c 
.02c 

.01c 
.02c 



.02c 
.02c 

.02c 

Oc 
.01c 
.02c 

.02c 
.02c 
.02c 

.02c 

.02c 
.02c 



{ 



0.0055c 
,0055c 

(a) .0005c 

(b) .0030c 

(c) .0055c 

(d) .0107c 

(e) .0055c (sealed) 

.0055c 
.0055c (sealed) 

Varies 

0.0055c 
.0055c (sealed) 

.0005c 
.0055c 

.0107c 

.0055c (sealed) 

.0005c 
.0055c 
.0107c 
.0055c (sealed) 

(a) .0005c 

(b) .0055c 

(c) .0107c 

(d) .0055c (sealed) 

.0055c 



.0055c 
.0055c (sealed) 

Varies 
0.0055c 



.0055c 

Varies 
0.0055c 



To /ead/rtg edge 




Gap 

A ^ 0.0005c 
B = .0030c 
C - jOO^Sc 
.0/0 7c 




Fiyure 2- Aileron sedf on of /VAC A 66^ 2- 21 6 j a'/.O 
a/rfo// shotvfr>g i^anat/ons of /)a/ance-no^ 
radii and gap. 
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4 5 6 7 8 X 10^5 

Reynolls n^LTiber based on standard atmosphere 



Figure 3.- Reynolds n-arriber for values of test Macn nurrxLer for a P-fcot chord airfoil 
in the P-D-by 6-foot test section of the stability tunnel. 
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Values plottei are for various 
altitvides, speeis and balance- 
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Aileron section Mnge-moment coefficient obtained by prescure distribution, c^a 

figure A coniparison between Bprmg-balance and pressure-iiBtribuxio- section 
nir].ge^iiibment coefficients. 
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Figure 6. — t^oriotior? of ai/eror; /7ir?oe-/no/ffe/7^^ coe^iaerft atit^ oi/ero. 

a/eron ang/e . 3o/o/7ce-/?ose roda -O.OJc\ go/O = 0. 0055c. 
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Aileron ang/e, 6^ , c/eg (J b/ock - /o/^') 

Figure Z — l^criotior? of oi/eror? section /li'nde -moment coe//ici^nt 
with ai/eron ong/e. BoJonce-nose rvdii ^O.OSc 
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on of oi/eron section hu.^^ ^^^.^<,^u^f, 

wffh oi/eror? ong/e. B o /once- nose rod ii = O.O^c. (Cont/nued) 
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Figure Z — )/a riot ion of oi/eron section /7lnge''mori?ent coefficient 




Figure 7. — i^oriation of oe/erpr? section hinge-moment coe/Hclent with 
ai/eron o/7g/e. 3a/or>ce-nos,e ro&ii -O.O^c. fCont/noec/ ) 
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Ai/eron ong/e, 6c, , deg Ct t/ock = /o/^') 

'^^9i^''e 7 —j/orjotionpf oi/eroa section hinge-rr?ot7jent coefHcie/7t 
w)th ai/eron ong/e. Bo/once-nose rodii^O.OZc. (ContinJel) 
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Figure 8 . — Variation of o//eror? section hmge-moment coe/f/cient 
t*//th Afach n<y/rft>&r. 
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Gop=a0055o Gop-aOOSSc Csea/edJ 

F/pure 8.— i^ariaiio/? oi^ ai/eror? section hinge -motne/ft coefficient 
u/iih Mach numSsr. (Conc/udea/) 
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Gap , fraction o/ c/?on:/ 
Co) Ba/oncG-rtose r^odii = 0 .0/ c , 

Vorcotion o-/' ai/eror? sectior? /iinge-mo/r?er?t coefficient coit/igap. 
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Figure 3. l^oriotion ai' ai/^rory section Mnpe-r^ment ca^ffioient oJith gofi.(Conhnueo/) 
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(b) Bo/once-nose rodii ^O.OZc. 



,gap -O.OOS5c(se<3/ed). 
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Ang/e of attack ^c^o f deg 
Figure /O. — yd rd at cor) o/oi/eron s^tion hing^-/r7on7er?t coe^icieryt 
with ang/e o/ attack. 
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F/gure //.— Var/at/on of 5ect-/on //Ft- coemcifot wit/? ong/e of 
atfeck. 6<7/c7r?ce- nose rdcf// = Q- c ^ 60- OZ 
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5^iOT.re 1?.- Variation of lift curve slope dci/<jn ;vith Mach number for varic 
gap widths. = 0. 
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Figure /3. - ^^orloUor, of section ii ft coefficient cuith oi/eron ong/e 
Ba/once-nose rodn =0.oac. ^Continued) ^ 
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At/eron ong/e., 6a , deg 

(a Gap = 0.0/O7C. (7 b/ock = /o/4o') 

F/gure 13. - Vanat/on or sect/on //ft coeff/aent w/th o//eron ano/tE- 
Qa/ance -no.se rac/// = O.O^c. (Continued) 
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Figure, 13. - Vanafion or saothn liYt oo&rrjciont wth o/loron ong/e 
Balance, noso. rad// - O.OZc. (Conc/odec/J ^ 



7ig. 14a 




0 15 



,1 ^ 



0 4 8 

Angle of attack, a-o, deg 
(a) \^ariation v/ith a.r,; 6a =^ 0^. 



Fig^are 14(a,b).- Section lift coefficients and section pitching- 

moment coefficients o'ctained 03' pressure-dis- 
tribution. M = 0.358; gap ^ 0.0055c. 
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Ai/eron ang/e^ 6^, deg 
(b) \/arlot'Lan ouUh 6^ . 
Figure /4, — ^^otior? /Lf^ coc/ficient3 and sec^o^ pltc/7in9-/?rc/r^0r?f 
coeffic^eJ7ts ottoin^ by pre^sur^ 'Cfistril>ution . /H-O.SSai 
gap ^O.ooSiTc. (Concluded ). 
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F/gare / 5- Var/otion of section />-ff coefficient v^ifli Moch number 

Balance-nose radii = 0 02 c . 
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Variation of Achg^Sa v/ith Ac-x ("by pressure distribution) 
shewing effect of lialance-nose radii, M = 0.358; gap 
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(a) M = .417 
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Increinent of section lift coefficient, Ac-|^ 



figure 20(a,,b).- Variation of control-force criterion with increinent of section lift 

coefficient for the angle of attack range. Balance-nose radii = C 02c* 
s-ap = 0.0055c. * " ' 
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